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MOTIVATION
New research lines in communications such as holographic MIMO propose to
use arrays with a massive number of densely deployed antennas. However, most
literature on classical and massive MIMO focuses on half-wavelength spaced
arrays, where coupling may be neglected.
In this work, we explore the implications of mutual coupling in MIMO systems
with closely spaced antennas. Our study focuses on the impact of coupling on
symbol detection, both in single-user coherent and noncoherent systems.
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Figure 1. Circuit model of a SIMO communication system.

ULA with 𝑁 side-by-side dipole antennas separated 𝑑 = 𝐷/(𝑁 − 1).
NLoS propagation:
𝑀 -PAM constellation 𝒳 = {0, 𝑥2,… , 𝑥𝑀}.

The array response for the wave arriving from the scatterer 𝐬𝑖 = (𝑟𝑖, 𝜃𝑖)T is:

𝐚𝑖 = ( e−j𝑘‖𝐬𝑖−𝐮0‖

𝑘‖𝐬𝑖 − 𝐮0‖
,… , e−j𝑘‖𝐬𝑖−𝐮𝑁−1‖

𝑘‖𝐬𝑖 − 𝐮𝑁−1‖
)

T

, (1)

with 𝑘 the angular wavenumber and 𝐮𝑛 = (𝑛𝑑, 0)T the 𝑛th antenna.
The received signal is:

𝘆 = 𝗵𝗑 + 𝘇, 𝗵 ∼ 𝒞𝒩(𝟎𝑁 ,𝐑𝗵), 𝘇 ∼ 𝒞𝒩(𝟎𝑁 ,𝐑𝘇), 𝗑 ∈ 𝒳. (2)

Covariance matrices are modeled through the multiport communication theory
framework as:

𝐑𝘇 = 𝐐(𝐑EN +𝐔LNA)𝐐H (3)

𝐑𝗵 = 1
4𝑅Gℜ(𝑍A)

𝐐𝐑ART𝐐H, (4)

where

𝐑EN = 4𝑘B𝑇A𝐵Wℜ(𝐙R),
𝐔LNA = 𝜎2

𝑖 (𝑅2
N𝐈𝑁 +𝐙R𝐙H

R − 2𝑅Nℜ(𝜌∗𝐙R)),

𝐑ART = ℜ(𝑍A)2
𝐿
∑
𝑖=1

𝛽𝑖𝐚𝑖𝐚H
𝑖 , 𝛽𝑖 ∈ ℝ

account for extrinsic noise, LNAs noise and inter-array coupling (i.e. propaga-
tion). 𝐐 = 𝑍L(𝑍L𝐈𝑁+𝐙R)−1 is an auxiliary matrix that contains the intra-array
coupling, 𝐙R, modeled as the impedances between half-wavelength dipoles.

RECEIVER STRUCTURE
Noncoherent detector: 𝑥NC = argmin𝑥∈𝒳 𝐲H𝐑−1

𝘆|𝑥𝐲 + log |𝐑𝘆|𝑥|.

𝐑𝘆|𝑥 = |𝑥|2𝐑𝗵 +𝐑𝘇.
𝐑̂𝘆|𝑥 = 𝛾1|𝑥|2𝐑ART + 𝛾2𝐈𝑁 .

Coherent detector: 𝑥C = argmin𝑥∈𝒳∣
ℜ[𝐡H𝐑−1

𝘇 𝐲]
𝐡H𝐑−1

𝘇 𝐡 − 𝑥∣.

𝗵 = √ℜ(𝑍A)
4𝑅G

𝐐∑𝐿
𝑖=1 𝛼𝑖𝐚𝑖.

𝗵̂ = j√𝛾1 ℜ(𝑍A)∑
𝐿
𝑖=1 𝛼𝑖𝐚𝑖, 𝐑̂𝘇 = 𝛾2𝐈𝑁 .

NUMERICAL RESULTS
Performance of the coherent (C) and one-shot noncoherent (NC) detectors is
evaluated in three scenarios: a matched (M) detector with the correct signal
model, a mismatched (MM) detector that ignores mutual coupling (i.e. 𝐙R =
𝑍A𝐈𝑁 ), and a detector designed for an artificial uncoupled (U) scenario.

Parameter Value Parameter Value
Carrier frequency 𝑓 = 30GHz Variance of the current noise source 𝜎2

𝑖 = 2𝑘B𝐵W𝑇A/𝑅N

Bandwidth 𝐵W = 20MHz Antenna impedance 𝑍A = 73 + j42.5Ω
Amplifier and load impedance 𝑍G = 𝑍L = 186 − j31.6Ω Complex correlation coefficient 𝜌 = 0.2730 + j0.1793
Noise temperature of antennas 𝑇A = 290K LNA resistance 𝑅N = 5Ω
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Figure 2. Error probability as a function of element separation for 𝑁 = 128.
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Figure 3. Error probability in terms of 𝑁 for a fixed aperture 𝐷 = 0.5m.
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Figure 4. Error probability at azimuth angles from 0° to 90° with 𝐷 = 0.5m and 𝑁 = 128.
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